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(54) Frame based data over synchronous digital hierarchy network 

(57) A frame based data communications network 
is interfaced to a synchronous digital hierarchy network 
via a plurality of frame based data port cards incorpo- 
rated into a plurality of synchronous multiplexers. Each 
port card comprises a conventional frame based data 
port, a frame switch, a rate adapter means and a map- 
ping means for mapping data frames into a plurality of 
SDH virtual containers. Frame based data is incorpo- 
rated directly into a synchronous virtual container with- 
out encapsulation in an intermediate protocol. A 
number of topologies of a frame based data channel 
network are possible, overlaid on the underlying syn- 
chronous transport network, including an open loop 
topology, a ring mode topology, and a backhaul topol- 
ogy 
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Description 

Reld of the Invention 

5 [0001] The present invention relates to the carrying of data frame traffic over a synchronous digital network. 
Background to the Invention 

10W2] Historically, the telecommunications industry has developed separately and largely independently from the 
70 computing industry. Conventional telecommunications systems are characterized by having high reliability circuit 
switched networks for communicating over long distances, whereas data communications between communicating 
computers is largely based upon shared access packet communications. 

[0003] Datacoms may operate over a local area, to form a local area network (LAN) or over a wide area to form a wide 
area network (WAN). Historically the difference between a LAN and a WAN is one of geographical coverage. A LAN 
75 may cover communicating computing devices distributed over an area of kilometers or tens of kilometers, whereas a 
WAN may encompass communicating computing devices distritHJted over a wider geographical area, of the order of 
hundreds of kilometers or greater. 

[0004] Conventional local area networks are generally taken to be digital data networks operating at rates in excess 
of 1 MBits/s over distances of from a few meters up to several kilometers. Conventional local area networks are almost 

20 universally serial systems, In which both data and control functions are carried through the same channel or medium. 
Local area networks are primarily data transmission systems intended to link computer devices and associated devices 
within a restricted geographical area. However, many local area networks include speech transmission as a service. A 
plurality of computer and associated devices linked together in a LAN may range from anything from a full-scale main- 
frame computing system to small personal computers. Since a local area network is confined to a restricted geograph- 

25 ical area, it is possible to employ vastly different transmission methods from those commonly used in 
telecommunications systems. Local area networks are usually specific to a particular organization which owns them 
arrd can be completely independent of the constraints imposed by public telephone authorities, the ITU, and other pub- 
lic services. Local area networks are characterized by comprising inexpensive line driving equipment rather than the 
relatively complex modems needed for public analogue networks. High data transmission rates are achieved by utilizing 

30 the advantages of short distance. 

[0005] Conventional wide area networks operate in general on a greater scale than local area networks. A wide area 
network Is generally employed whenever information in electronic form on cables leaves a site, even for shod distances. 
Data transmission rates involved are generally between a few hundred and a few thousand bits per second, typically up 
to 50 kilobits per second. The distances involved in a wide area network are from around 1 kilometer to possible thou- 

35 sands of kilometers, and error rates are greater than with local area networks. Wide area networks are generally carried 
over public telecommunicattor^ networks. 

[0006] The distinction between networks which have historically been considered to be local area networks and those 
which have been considered to be wide area networks is becoming increasingly blurred. 

[0007] Because conventional telecoms systems have developed in parallel with conventional datacoms systems, 

40 there is a significant mis-matdi in data rates between conventional datacoms protocols as used in LANs and WANs, 
and conventional telecoms protocols. In general, telecoms operators provide equipment having standard telecoms 
interfaces, for example E1 , T1 , E3, T3. STM-1 , which are used by the datacoms industry to provide wide area network 
point to point links. However, this is inconvenient for datacoms providers since datacoms protocols have developed 
using a completely different set of interfaces and protocols, for example carrier sense multiple access collision detection 

45 CSMA/CD systems, subject of IEEE standard 802.3, and Ethernet which is available In 10 MBits/s, 100 MBits/s and 1 
GigaBits/s versions. Conventional datacoms protocols do not match up very well to conventional telecoms interfaces 
because of a mis-match in data rates arKi technologies between conventional datacon^ and conventional telecoms. 
[0008] Several prior art attempts have been made to carry frame based data over telecoms networks. Prior art sys- 
tems for Incorporating frame teased data over synchronous networks include schemes which contain Ethernet data 

so frames in asynchronous transfer mode (ATM) cells which are then transported in a plesioscynchronous mode and 
which may then be transported according to ITU-T recommendation G.708 in a synchronous digital hierarchy (SDH) 
network. In this scheme, known as IMA (Inverse multiplexing of ATM), conceived by the ATM Forum, an ATM circuit is 
divided and input into a plurality of El circuits. This enables an ATM signal to be carried across a legacy network, for 
exantple a plesiosynchronous digital hierarchy (PDH) network. Ethernet frames are included as the p^oad of the ATM 

55 cells, which are then carried via the El circuits over a conventional PDH network. However, this prior art scheme has a 
disadvantage of a high packetization header overhead, which can comprise up to 20% of the SDH payload. 
[0009] Another prior art system aimed at carrying frame based data over synchronous digital networks is the conven- 
tional Ethernet remote bridge. This system is based on the known PPP protocol, for example, as intplemented by the 
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packet on Sonet (POS phy) system of PMC Sierra. However, in this scheme, a high packetization overhead is present 
and packaging delays are relatively high. 

[001 0] Manufacturers such as CISCO, and Bay Networks produce equipment for both of the above mentioned inverse 
multiplexing of ATM, and Ethernet bridge systems. 
£ [001 1 ] A further prior art scheme uses a plurality of fiber optic repeaters to provide native Ethernet rate connections 
between a customer premises and a LAN switch. However, this solution dedicates a whole fiber to Ethernet rate, which 
is an inefficient use of the fiber optic cable resources. 

Summary of the Invention 

10 

[001 2] One object of the present invention is to provide high data rate, high reliability functionality available with con- 
ventional local area networks, but over a wide area network transported on a long distance high capacity synchronous 
digital network. 

[001 3] Another object of the present invention is to overcome data rate mis-matched between conventional dataconrre 
15 systems and conventional telecommunications systems in an efficient manner. 

[0014] Another object of the present invention Is to incorporate frame based data directly into a synchronous digital 
hierarcfiy payload. without encapsulation in an ATM cell or other intermediate carrier. 

[001 5] Another object of the present invention is to incorporate frame based data into a synchronous network without 
incurring high processing delays, and without incurring a high packetization header overhead. 
20 [001 61 Accorcling to one aspect of the present invention, there is provided a frame based data communications net- 
work conrtprising: 

a plurality of computer devices each having a frame based data channel interface; 

a plurality of synchronous multiplexes, each having a frame t>ased data channel interface and a synchronous dig- 
25 ital communications port, and capable of interfacing between a frame based data protocol and a synchronous dig- 
ital network protocol: 

wrtierein said plurality of computing devices communicate with each other over a plurality of frame based data chan- 
nels, said frame based data channels can-ied over a synchronous digital transport network connecting said plurality 
of synchronous multiplexers. 

30 

[0017] Preferably, said frame based channel interface interfaces directly between said frame based data protocol and 
said synchronous digital network protocol without traversing any intermediate protocols. 

[001 8] Preferably, said frame based data channel interlace comprises: means for mapping a data frame of said frame 
based data channel to at least one payload of said synchronous network protocol. 
35 [0019] The synchronous digital transport network may comprise a synchronous digital hierarchy (SDH) network in 
accordance with ITU-T G7D.X, an example of which is the synchronous optical network (SONET) in accordance with 
ITU-T recommendation G.708 and related recommendations. 

[0020] Synchronous multiplexers may comprise add-drop muttiplexers. or terminal multiplexers. 
[0021 ] According to a second aspect of the present invention, there is provided a synchronous digital multiplexer com- 
40 prising: 

a plurality of telecoms tributary interfaces; 
a frame based data channel interface; and 
a synchronous digital channel port. 

45 

[0022] By providing a plurality of telecoms tributaries in addition to a frame based data access port in a synchronous 
multiplexer, frame based data channels may be entered directly into synchronous digital hierarchy virtual container pay- 
loads in an efficient manner. 

[0023] Preferably said frame based channel interface comprises: 

so 

a frame based data channel physical port; 

a frame based data channel switch communicating with said frame based data channel physical port; 
a rate adaption means for converting data at a frame based data channel rate into a bitstream of a data rate capa- 
ble of being carried in at least one virtual container; and 
55 a synchronous digital network payload mapper for mapping said bitstream into said at least one virtual container. 

[0024] According to a third aspect of the present invention there is provided a method of communicating frame based 
data over a synchronous digital network comprising the steps of: 
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modifying a data rate of said frame based data to a rate compatible with a synchronous digital network virtual con- 
tainer; and 

inputting said rate adapted frame based data directly into at least one said synchronous digital network virtual con- 
tainer. 

5 

[0025] Preferably said method comprises the steps of: 

concatenating a plurality of said virtual containers together; and 

containing a said data frame into said plurality of concatenated virtual containers. 

10 

[0026] The invention includes a method of creating a frame based data channel within a synchronous digital channel 
connprising the steps of: 

modifying a data rate of said frame based data outside said synchronous digital channel to a rate compatible with 
75 said synchronous digital channel; and 

mapping said rate adapted frame based data directly to said synchronous digital channel. 

[0027] Said step of mapping preferably comprises containing said modified data frame based data into at least one 
virtual container. 

20 [0028] The invention includes a communications network connprising: 

a plurality of network connponents supporting an OSI layer 2 frame based data channel; 
a plurality of network components supporting at least one synchronous digital channel; and 
a plurality of network components capable of transferring data frames of said OSI layer 2 data channel directly into 
25 and out of a plurality of payloads of said at least one synchronous digital channel. 

[0029] The invention includes a data communications network comprising: 

a plurality of network devices each comprising: an OSI layer 2 frame switching device; a rate adaption device for 
30 adapting a data rate between an OSI layer 2 data rate and a synchronous transmission data rate; and a mapping 
device for mapping data between said OSI layer 2 frame switch and a synchronous digital channel; 
wherein said plurality of mapping devices communicate over said synchronous digital channel; and 
said plurality of OSI layer 2 frame switching devices communicate over an OSI layer 2 channel carried on said syn- 
chronous digital network. 

35 

[0030] Said OSI layer 2 channel may comprise a ring channel linking said plurality of network devices. 

[0031] Said OSI layer 2 channel may comprise a plurality of point to point channels linking pairs of individual said OSI 

layer 2 frame switches. 

[0032] The invention includes a communications network comprising: 

40 

a plurality of network devices each comprising: a rate adaption device for adapting a data rate between an OSI 
layer 2 data rate and a synchronous transmission data rate; and a mapping device for mapping data between an 
OSI layer 2 channel and a synchronous digital channel; 

wherein said plurality of mapping means communicate over said syndironous digital channel; and 
45 said plurality of rate adaption means communicate over said OSI layer 2 channel carried on said synchronous dig- 
ital channel. 

[0033] Said OSI layer 2 channel may comprise a ring channel. 

so Brief Description of the Drawings 

[0034] For a better understanding of the invention and to show how the same may be candied into effect, there will now 
be described by way of example only, specific embodiments, methods and processes according to the present invention 
with reference to the accompanying drawings in which: 

55 

FIGURE 1 illustrates schematically elements of a first embodiment data network carrying a frame based data chan- 
nel over a synchronous data channel. 

FIGURE 2 illustrates schematically a frame based data channel port component of a synchronous digital multi- 
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plexer according to a first embodiment of the present invention; 

FIGURE 3 illustrates schematically a prior art synchronous digital hierarchy multiplexing structure; 
FIGURE 4 illustrates schematically a synchronous digital hierachy; STM frame and payload; 
FIGURE 5 illustrates schematically a plurality of synchronous digital multiplexers connected together by means of 
5 a plurality of frame based data ports, supporting an Ethernet tandem switching mode channel carried on a synchro- 

nous digital loop; 

FIGURE 6 herein illustrates a plurality of synchronous digital multiplexers, each having a frame based data port, 
supporting an Ethernet ring carried on an urxjerlying synchronous digital loop; 

FIGURE 7 illustrates schematically a logical view of the Ethernet ring and synchronous digital loop of Rg. 6; 
10 FIGURE 8 illustrates schematically a plurality of synchronous digital multiplexers each having a frame based data 
port, supporting a plurality of point to point Ethernet channels in a backhaul mode of connection, carried over a syn- 
chronous digital loop; 

FIGURE S herein illustrates a first example of a deployment of a frame based data channel over a synchronous dig- 
ital hierarchy network; 

15 FIGURE 10 illustrates schematically a second example of deployment of frame based data channels over a syn- 
chronous digital hierarchy network; and 

FIGURE 1 1 illustrates schematically a third example of deployment of a plurality of frame based data channels over 
a synchronous digital hierarchy network 

20 Detailed Description of the Best Mode for Carrvina Out the Invention 

[0035] There will now be described by way of example the best mode contemplated by the inventors for can-ying out 
the invention. In the following description numerous specific details are set forth In order to provide a thorough under- 
standing of the present invention. It will be apparent however, to one skilled in the art, that the present invention may be 
25 practiced without limitation to these specific details, tn other instances, well known methods and structures have not 
been described in detail so as not to unnecessarily obscure the present invention. 

[0036] Referring to Fig. 1 herein, there is illustrated schematically elements of a first embodiment data network 
according to the present invention. A frame based data communications system carried over a synchronous digital net- 
work is provided by the an^angement shown In Rg. 1 . In this specification, the terms synchronous network and synchro- 

30 nous digital network are used to refer to a time division multiplexed synchronous transport layer in OSI layer 1. 
Conventional examples of such networks include the synchronous digital hierarchy (SDH) of ITU-T recommendation 
G70.X. which incorporates synchronous optical network (SONET) systems specified in ITU-T recommendation G.709 
and related recommendations. The data network elements comprise first and second synchronous digital terminal mul- 
tiplexers. 100. 101 connected to each other by an optical fiber communications link 102; a first datacoms router 103 

35 communicating with first terminal multiplexer 100; a second datacoms router 104 communicating with second terminal 
multiplexer 101; a first computer device 105 communicating with first datacoms router 100; and a second computer 
device comnruinicating with second datacoms router 1 04. Each of first and second computer devices 1 05. 1 06. first and 
second routers 103, 104 and first and second terminal multiplexers 100. 101 comprise a frame based data channel 
interface. First and second computer devices communicate frame based data with each other over the routers and over 

40 the optical fiber communications link. Communication between first and second multiplexers 100, 101 is via a synchro- 
nous digital network protocol, for example the synchronous digital hierarchy protocol (SDH) or synchronous optical net- 
work protocol (SONET) as specified in ITU-T recommendation G.709 and related recommendations. Communication 
between the computing devices 105 and 106 and the respective dataconr^ routers 103. 104 is by conventional data 
frame based data communications protocol. 

45 [0037] In this specification, the term frame tjased data communications protocol or system is used to refer to any data 
communications system or protocol in which blocks of data are assembled within OSI layer 2. Both traffic data and con- 
trol data may be contained within the OSI layer 2 frame. Frames in OSI layer 2 systems may comprise packets or blocks 
of data bytes of variable length. Examples of conventional frame based data communications protocols include IEEE 
standard 802.3 CSMA/CD local area network systems. Ethernet systems, conventional token ring systems, conven- 

50 tional token bus systems, conventional fiber distributed data interface FDDI systems and conventional dual queue dual 
bus (DQDB) systems 

[0038] Communication between first and second routers 1 03, 104 and respective first and second terminal multiplex- 
ers 100, 101 is by a frame based data technology as will be understood by those skilled in the art First and second 
terminal multiplexers 100. 101 may be separated geographically by distances from the order of a few meters to thou- 
55 sands of kilometers. The arrangement shown in Fig. 1 is a simplified arrangement, and in practice many computer 
devices, many routers and many multiplexers will be interconnected to form an integrated frame based data communi- 
cations system carried over a synchronous digital network. 

[(X>39] As mentioned hereinbefore, a problem with transporting data contained in conventional datacoms frame based 
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data systems over conventional synchronous digital teleconns transport systems is that there is a mis-match of data 
rates between the datacoms domain and the telecommunications domain. 

[0040] Therefore, for communication of datacoms systems data at first and second route's 1 03. 1 04 with first arxJ sec- 
ond terminal multiplexers 100, 101 efficient conversion between the frame based data datacoms system and the syn- 

5 chronous digital network protocols needs to be achieved. 

[0041] Hereinafter, specific methods and embodiments according to a best mode herein will be described specific to 
synchronous digital hierarchy telecommunications systems in accordance with ITU recommendation G.709, arxJ an 
IEEE standard 802.3 frame based data carrier system, a representative example of which is the Ethernet system. How- 
ever, the general principles, methods and apparatus according to the present Invention encorrpass synchronous digital 

10 networks in general, and OSI layer 2 frame based data carrier systems in general, and are not restricted to the specif'c 
examples of synchronous digital hierarchy networks or Ethernet networl^ 

[0042] Referring to Fig. 2 herein, there is illustrated schematically components of an Ethernet port card comprising a 
synchronous digital multiplexer The Ethernet port card is incorporated into a synchronous digital hierarchy multiplexer 
(or a SONET mulitplexer), so that as well as having a plurality of tributary interfaces for telecoms channels, for example 

75 El , T1 , E3. T3, STM-1 . the multiplexer also has an interface for frame based data systems, eg Ethernet. 

[0043] Fundamentally, SDH multiplexers operate to time division multiplex bit oriented data. A plurality of lower data 
rate telecoms tributaries are multiplexed into a set of virtual containers operating at higher data rates. The SDH multi- 
plexing structure according to ITU-T recommendation G.70X is illustrated schematically in Fig. 3 herein. A set of STM 
frames are assembled to contain a plurality of virtual containers which are carried as an STM payload as illustrated in 

20 Fig. 4 herein. On the other hand, conventional datacoms routers and equipment are frame oriented devices which oper- 
ate on packets of data. The Ethernet port card adapts the Ethernet data frames to a rate which match^ a rate which 
can be multiplexed into a virtual corrtainer, and maps each Ethernet data frame into one or more SDH virtual containers 
directly without any further encapsulation in intermediate protocols. 

[0044] For example, a 10 MBits/s Ethernet channel may be mapped orrto 5 VC12 containers, each VC12 container 

25 having a rate of 2.048 MBits/s. The 5 VC12 containers are concatenated together to carry the 10 MBits/s Ethernet 
channel. For entry of a 100 MBits/s Ethernet channel into the synchronous network, a single 100 MBits/s Ethernet 
channel may be mapped into 2 concatenated VC3 containers each having a capacity of 51 .84 10 MBits/s to carry an 
Ethernet 1 GBtts/s channel over a synchronous network, the Ethernet channel is mapped into 7 VC4 containers, each 
having a capacity of 139 MBits/s. 

30 [0045] The Ethernet port card of Fig. 2 herein comprises a conventional Ethernet physical port 201. the Ethernet 
physical port communicating with an Ethernet frame switch 202 which may comprise a conventional frame switdi. such 
as available from Plaintree. MMC. or Tl; a rate adaption means 203 for adapting between Ethe-net rates and SDH rates 
equivalent to the rates of the virtual containers; and an SDH payload mapper 204 for mapping Ethernet frames into one 
or more SDH payloads. Rate adaption means 203 and SDH payload mapper 204 may be implemented as a field pro- 

35 grammabie gate array (FPGA) or an application specific integrated circuit (ASIC). 

[0046] Operation of SDH payload mapper 204 is disclosed in the applicant's co-pending US patent application entitled 
"Payload Mapping in SDH Networte", a copy of which is filed herewith. Data frames are mapped directly into SDH vir- 
tual containers for transport across an SDH network without adapting through any intermediate protocols. 
[0047] Rate adaption means 203 comprises a first plurality of Ethernet ports operating at 1 0 MBits/s; and 1 00 MBits/s 

40 In accordance with IEEE standard 802.3; and a second plurality of ports operating at 2 MBits/s, 50 MBits/s and 100 
MBits/s communicating with SDH payload mapper 204. Rate adaption means 203 comprises a plurality of through 
channels for adapting IEEE standard 802.3 data frames into bitstreams having data rates of 2 MBits/s, 50 MBits/s and 
100 MBits/s. Rate adaption means 203 comprises a plurality of multiple channels each adapting an IEEE standard 
802.3 rate data frame channel to a 2 MBits/s, 50 MBits/s or 100 MBits/s bitstream channel. Rate adaption means 203 

45 operates effectively as a packet buffer, since Ethernet Data Frames issue from the Ethernet frame switches at a higher 
rate than tiiey can be nnultiplexed into SDH virtual containers. Rate adaption means 203 inputs Ethernet data frames 
from Ethernet frame switches 202 faster than it outputs the Ethernet data frames into the SDH virtual containers. Ether- 
net data frames are stored in rate adaption means 203. If the buffer stores within rate adaption means 203 become 
overloaded, the rate adaption means Initiates flow control by sending signals t>ack to the Ethernet frame witch to delay 

so sending a further Ethernet frame until the buffer in the rate adaption means has sufficient capacity to accept new Ether- 
net data frames. 

[0048] In a further enrfcodiment, rate adaption means 203 nnay be replaced by prior art commercially available PCS 
phy chips available from PMC Sierra. 

[0049] SDH payload mapper 204 communicates with the plurality of bitstream channels of rate adaption encapsulater 
55 203. SDH payload mapper nnaps tiie plurality of bitstream channels of rate adaption means 302 into a plurality of SDH 
payloads. for example VC3, VG4 or VC12 thereby accessing the synchronous digital hierarchy network. 
[0050] Provision of a frame data port in a syndironous digital multiplexer enables a numt)er of methods of intercon- 
necting a frame data channel over a synchronous digital channel as will now be described. 



6 



BNSOOCIO: <EP 09a2900A2 I > 



EP 0 982 900 A2 

[0051] Referring to Rg. 5 herein, there is illustrated a first interconnection scheme of a plurality of multipexers in a 
synchronous digital hierarchy network for connecting multiplexers in a tandem mode. First to fifth line cards 501 - 505 
each comprise a SDH payload mapper, a rate adaption means, an Ethemet frame switch and an Ethernet physical port 
as described hereinbefore. An SDH payload mapper of each card 506-510 respectively are connected together in a 
5 synchronous channel 51 1. shown as a solid line in Fig. 5. The SDH ring may comprise a VC12, VC3 or VC4 contain- 
ment. The synchronous channel carries an Ethernet channel 512. shown as a doffed line In Fig. 5 carrying frame based 
data, the Ethernet channel extending within each card through the SDH payload mapper, through the rate adaption 
means 513-517, and into the Ethernet frame switch 518-522 respectively of each card. 

[0052] In this method. Ethernet switching Is achieved at frame switches 518-522. Rate adaption occurs within the 
70 Ethernet ring at Ethernet data rates, as the Ethemet data frames enter into and out of the SDH ring 51 1 over which they 
are carried. Ethernet frames are effectively carried over a carrier sense multiple access ring node (CSMA-RN). over a 
synchronous digital channel 51 1 . 

[0053] Referring to Fig. 6 herein, there is illustrated a ring mode of operation between a plurality of Ethernet port cards 
of a plurality of synchronous digital hierarchy multiplexers. Similarly, as with Fig. 5. each Ethemet port card 501-505 is 

15 connected via its corresponding SDH mappa- to form a synchronous network. An Ethernet channel 600 is connected 
in a ring mode between the rate adaption means of each Ethernet port card 513-517 respectively. The Ethernet ring 
channel does not enter the Ethernet switches 51 8-522, but is transported through the respective rate adapters 513-51 7 
of the port cards. This may provide an advantage of reducing delays in the Ethernet ring by avoiding rate adaption 
delays, and passage through the Ethernet switches, and improve scalability of the ring. Further, fast protection of the 

20 ring under conditions of ring failure may be achieved. The Ethernet ring may provide a low delay, high output Ethernet 
communications channel. 

[0054] Refering to Fig. 7 herein there is illustrated schematically in logical view the ring mode connections of Fig. 6 
herein. Data flow through the rate adaptation components provides dual ring earner sense multiple access rings. 
[0055] Refen-ing to Fig, 8 herein, there is illustrated a third, backhaul, connection scheme for connection of Ethernet 

25 channels over a synchronous digital hierarchy network between a plurality of SDH multiplexers. In the backhaul connec- 
tion mode of Fig. 8. instead of using an OS! layer 2 scheme as illustrated in Figs. 5. 6 and 7 herein. Ethernet channels 
are canied over a physical tree of virtual container paths carried over the SDH ring 51 1 . A plurality of Ethernet channels 
800-803 are carried over the SDH ring 511 . In Fig. 8, the Ethernet channels are shown schematically by their logical 
connections to the plurality of Ethernet ports 501, 505, although physically transport is over the same physical 

30 resources, within the SDH network. A plurality of Ethernet channels arranged in the tree arrangement are physically 
canied as virtual containers over an SDH ring 51 1 . As with the channel arrangement of Rgs. 5. 6 and 7, ring protection 
may be applied to the arrangement of Rg. 8. Each Ethernet channel is connected between a pair of Ethernet frame 
switches, and undergoes rate adaption for entry and exit to the SDH ring. 

[0056] The three modes of operation presented herein in Figs. 5 to 8 herein, may be integrated within conventional 
35 synchronous digital hierarchy networks, using the Ethernet port cards as entry and exit ports for Ethernet channels in 
various combinations within an SDH network. Some examples of usage of an Ethernet channel within a synchronous 
network are described herein with reference to Rgs. 9 to 12. 

[0057] Referring to Fig 9 herein, using the basic architecture Illustrated with reference to Fig. 1 in an overall telecoms 
system, based on a synchronous digital network 900 voice and data services may be provided in a synchronous digital 

40 multiplexer by integrating both conventional telecoms channels, for example El . and frame teased data channels, for 
example Ethernet In the example shown in Fig. 9. at an end user location 901 , a PBX 902 may communicate with a 
synchronous terminal multiplexer 903 in conventional manner and an Ethernet switch 904 may communicate directly 
with the synchronous multiplexer via. for example a 100 MBits/s link 905 to provide a private frame based data network 
via a central office location 906 supporting a public frame data channel signified by router 907. Similarly. Ethernet switch 

45 904 may access a public data frame network via a firewall router 908. 

[0058] Referring to Rg. 10 herein, there is illustrated schematically how a combination of the connectivity schemes 
deso-ibed in relation to Rgs. 5 to 8 herein may operate in a new synchronous digital hierarchy network. 
[0059] The example synchronous network of Fig. 10 comprises an STM-16 ring 1000 accessible through a plurality 
of add-drop multiplexers 1001-1004. A plurality of terminal multiplexers 1005-1029 may be provided, one per customer 

so premises equipment At each customer premises equipment, access to the synchronous network is made via a con'e- 
sponding Ethernet port card in the synchronous multiplexer, wrtiich is connected to a corresponding respective Ethernet 
router 1030-1043. The plurality of terminal multiplexers may be connected synchronously to an intermediate multiplexer 
1044 forming part of a sub-ring 1045. Connection betweei the intermediate multiplexer 1044 and the plurality of tribu- 
tary multiplexers 1 005-1029 may take the backhaul form as illustrated with reference to Rg. 8 herein, in which a plurality 

55 of Ethernet channels are carried over a synchronous ring. In the lower part of Fig. 10 herein, the plurality of Ethernet 
channels are shown logically as radiating from intermediate multiplexer 1044 to the plurality of terminal multiplexers 
1005-1029. Within sub-ring 1045. the tandem switching mode, or the ring mode as described with reference to Figs. 5 
to 8 herein may operate. 
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[0060] Referring to Fig. 1 1 herein, there is illustrated schematically a second network layout incorporating a plurality 
of Ethernet frame based data channels tran^rted across an underlying synchronous digital hierarchy network. An 
STM-64 synchronous ring 1100 links a plurality of add-drop multiplexers 1101-1105 in a synchronous loop. Various 
Ethernet frame based data channels may be transported over the underlying synchronous network as follows. In this 

5 example, a further Ethernet channel between first Ethemet router 1 1 06 and second Ethernet router 1 1 07 is carried over 
STM-64 ring 11 00 between first and second add<lrop multiplexers 11 01. 1 105. eadi of which are equipped with an 
Ethernet port as described hereinbefora A second Ethernet channel between first Ethernet router 1 106 and third Ether- 
net router 1 108 of 1 Gbit/s is carried between a terminal multiplexer 1 109 equipped with an Ethernet port as described 
hereinbefore, and an add-drop multiplexer 1 104, for access to the STM-64 ring 1 100. 

10 [0061 ] The specific embodiments and specific methods disclosed herein may enable the following advantages: 
[0062] Firstly, compared to the prior art systems which interface Ethemet through a conventional telecoms interface, 
eg El . T1 . by dispensing with the telecoms interface, by use of the Ethernet port card as described hereinbefore, an 
equipment cost saving may achieved, because there is no need tor adaption of Ethernet data into a telecoms interface, 
eg E1 or T1. 

15 [0063] Secondly, port consolidation may be achieved. Instead of having a large number of ports at a head erd. as in 
prior art systems, one frame based data port per multiplexer may be provided. A saving on equipment and wiring may 
be achieved. 

[0064] Further, efficient utilization of channel capacity may be achieved in the synchronous network, through applica- 
tion of statistical gain between tiie frame based data rate channels and the synchronoi^ data rate channels. For exam- 

20 pie, since frame based data channels are not always fully utilized, a plurality of frame based data rate channels may be 
multiplexed onto a synchronous rate channel of a same or similar data rate. For exanrple. four 10 MBits/s data frame 
rate channels may be multiplexed onto a single 10 MBits/s synchronous rate channel, since the total traffic received 
from the four frame based data rate channels, which are not all fully utilized at the same time, may be statistically mul- 
tiplexed onto a single 10 MBits/s synchronous data rate channel. 

25 [0065] Further, since the SDH virtual container payload data rates are relatively flexible, conpared to conventional 
telecoms interface data rates, a more efficient nretch between Ethernet frame based data, operating at Ethernet data 
rates, arxl telecoms data rates in tiie synchronous domain can be achieved compared with El, E3. STM-1 and STM-4 
data rates. Table 1 herein illustrates a comparison of Ettiernet data rates (in a central column of Table 1) with telecoms 
irrteriace rates (in tiie left hand column of Fig. 1), and SDH virtual container rates (in tiie right hand column of Table 1). 

30 For example, a lOMBits/s Ettiernet data rate can be accommodated neatiy into 5 VC12 containers, each of 2 MBits/s. 
A 100 MBits/s Etiiernet data rate can be accommodated in 2 VC3 containers, each of 50 MBits/s. 



Table 1 



35 


Telecoms 


Ethemet 


Synchronous Network 


E1 (2 Mbits/s) 


10 MBits/s 


1-5XVC12 (2 MBits/s - 10 MBits/s) 




T1 (1.5 Mbits/s) 


10 MBits/s 


1-8xVT 1 .5 (2 MBits/s - 1 0 MBits/s) 


40 


E3 (34 MBits/s) 


100 MBits/s 


1-2xVC3 (50 MBits/s - 100 MBits/s) 




T3 (45 MBits/s) 


100 MBits/s 


1-2xSTS-1 (50 MBits/s - 100 MBHs/s) 




STM-1 (155 MBits/s) 


100 MBits/s 


1-2xVC3 (50 MBits/s - 100 MBits/s) 


45 


OC-3 (155 MBits/s) 


100 MBits/s 


1-2 X STS-1 (50 MBits/s - 100 MBits/s) 




STM-4 (622 MBits/s) 


IGBtts/s 


VC4-NC (165 MBits/s - 1 .2'GBits/s) 








N = 1-8 


SO 


OC-12 (622 MBits/s) 


IGBits/s 


STS-Nc (155 MBits/s - 1.2 Gbits/s) 








N=3.6. 9.-12. 15. 18. 21,24 



55 

[0066] Prior art telecoms internees which can be purchased for can-ying frame based data over a wide area networic 
operate a 2 MBits/s (E1). 34 MBits/s (E3). 155 MBits/s (STM-1) or 622 MBits/s (S7M-4). TTiese data rates are not w^l 
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matched to the prior art Ethernet data rates of 10 MBits/s, 100 MBits/s and 1 GBits/s. On the other hand, the prior art 
Ethernet data rates are well matched to multiples of the synchronous digital hierarchy virtual container payload data 
rates, as illustrated in Table 1. The SDH payload data rates have a granularity of a minimum incremental step of 2 
MBits/s. A minimum granularity of Ethernet rates is 10 MBits/s. and so 5 SDH VC12 containers can accommodate 

5 neatly a single 1 0 MBits/s Ethernet channel. 

[0067] A further feature of the specific emt>odiments and methods described herein is the provision of quality of serv- 
ice. By using the Ethernet IEEE 802.1 P/Q priority field, different packets can be given different priorities for transmis- 
sion. Thus, quality of service levels which are achievable in prior art local area networks, may be extended over greater 
geographical distances earned over a synchronous digital hierarchy transport network as provided by the specific 

10 embodiments and methods of the present invention. 

Claims 

1 . A frame t>ased data communications network comprising: 

15 

a plurality of computer devices each having a frame based data channel interface; 

a plurality of synchronous multiplexers, each having a frame based data channel interface and a synchronous 
digital communications port, and capable of Interfadng between a frame based data protocol and a synchro- 
nous digital network protocol; 

20 wherein said plurality of computing devices communicate with each other over a plurality of frame based data 

channels, said frame based data channels carried over a synchronous digital transport network connecting 
said plurality of synchronous multiplexers. 

The communications network as claimed in daim 1 , wherein a said frame based data channel irrterface comprises: 

means for mapping a data frame of said frame based data channel to at least one payload of said synchronous 
network protocol. 

3. The communications network as claimed in claim 1 . wherein said synchronous digital transport network comprises 
30 a synchronous optical network (SONET). 

4- The communications network as claimed in claim 1 . wherein a said synchronous multiplexer comprises an add- 
drop nultiplexer. 

35 5. The communications network as claimed in claim 1 . wherein a said synchronous multiplexer comprises a terminal 
multiplexer. 

6. A synchronous digital multiplexer comprising: 

40 a plurality of telecoms trOsutary interfaces; 

a frame based data channel Interface; and 
a synchronous digital channel port. 

7- The synchronous multiplexer as claimed in claim 6. wherein said frame based channel interface comprises: 

45 

a frame based data channel physical port; 

a frame based data channel switch communicating with said frame based data cHannel physical port: 
a rate adaption means for converting data at a frame based data channel rate into a bitstream of a data rate 
capable of being carried in at least one virtual container; and 
50 a synchronous digital network payload mapper for mapping said bitstream into said at least one virtual con- 

tainer. 

8. A method of communicating frame based data over a synchronous digital network comprising tiie steps of: 

55 modifying a data rate of said frame based data to a rate compatible with a synchronous digital networi^ virtual 

container; and 

inputting said rate adapted frame based data directly into at least one said synchronous digital network virtual 
container. 
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9. The method as claimed in claim 8 comprising the step of: 

concatenating a plurality of said virtual containers together; and 

containing a said data frame into said plurality of concatenated virtual containers. 

5 

10. A method of aeating a frame based data channel within a synchronous digital channel comprising the steps of: 

modifying a data rate of said frame based data outside said synchronous digital channel to a rate compatible 
with said synchronous digital channel; and 
10 mapping said rate adapted frame based data directly to said synchronous digital channel. 

11. The method as claimed in claim 10, wher^n a said step of mapping conphses containing said modified data frame 
based data into at least one virtual container. 

15 12. A communications network comprising: 

a plurality of network components supporting an OSI layer 2 frame based data channel; 
a plurality of network components supporting at least one synchronous digital channel; and 
a plurality of network components capable of transferring said data frames of said OSI layer 2 data channels 
20 directly into and out of a plurality of synchronous frame payloads of said at least one syndironous digital chan- 

nel. 

1 3. The communications network as claimed in claim 1 2, wherein said OSI layer 2 channel is carried over said synchro- 
nous channel. 

25 

14. A data communications network comprising: 

a plurality of network devices each comprising: an OSI layer 2 frame switching device: a rate adaption device 
for adapting a data rate between an OSI layer 2 data rate and a synchronous transmission data rate; and a 
30 mapping device for mapping said data between said OSI layer 2 frame switch and a synchronous digital chan- 

nel; 

wherein said plurality of mapping devices communicate over said synchronous digital channel; and 

said plurality of OSI layer 2 frame switching devices communicate over an OSI layer 2 channel cabled on said 

synchronous digital channel. 

35 

15. The network as claimed in claim 14, wherein said OSI layer 2 channel comprises a ring channel linking said plural- 
ity of network devices. 

16- The network as claimed in claim 14, wherein said OSI layer 2 channel comprises a plurality of point to point chan- 
40 nels linking pairs of incfividual said OSI layer 2 frame switches. 

17. A communications network conrprising: 

a plurality of network devices each comprising: a rate adaption means for adapting a data rate between an OSI 
45 layer 2 data rate and a synchronous transmission data rate, and a mapping device for mapping data between 

an OSI layer 2 channel and a synchronous digital channel; 

wherein said plurality of mapping means communicate over said synchronous digital channel; and 

said plurality of rate adaption means communicate over said OSI layer 2 channel carried on said synchronous 

digital channel. 

so 

la. The network as claimed in claim 1 7. wherein said OSI layer 2 channel comprises a ring channel. 

19. A data communications network comprising: 

55 a plurality of frame based data switches; 

a plurality of rate adaption means communicating with said plurality of frame based data switches, said rate 
adaption means for adapting a data rate of said frame based data to a synchronoi^ digital data rate; and 
a plurality of mapping means tor mapping said rate adapted frame based data onto a synchronous digital chan- 
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nel. 

20. The communications apparatus as claimed in claim 1 9. whe-ein said synchronous digital channel comprises a ring 
channel connecting said plurality of mapping means. 

5 

21. The apparatus as claimed in daim 19, wherein said frame based data switching means form a frame based data 
communications ring carried over said synchronous digital channel. 

22. The apparatus as claimed in daim 19, wherein said frame based data switching means are connected together in 
10 a plurality of point to point channels, said point to point channels carried over a synchronous digital channel con- 
nected between said plurality of mapping means. 

23. A communications network comprising: 

IS a plurality of rate adaption means for adapting frame based data packets to a rate suitable for transport over a 

synchronous digital channel; 

a plurality of mapping means, said plurality of mapping means communicating with said plurality of rate adap- 
tion means, for transfer of frame based data between said mapping means and said rate adaption means; 
wherein said plurality of rate adaption means are interconnected to form at least one frame based data channel 
20 carried over a synchronous digital channel connected between said plurality of mapping means. 

24. The communications network as claimed in claim 23, wherein said plurality of mapping means are connected by a 
synchronous digital network ring. 

25 25. The apparatus as claimed in claim 23. wherein said frame based data channel is connected in a ring structure 
between said plurality of rate adaption means. 
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